In previous reports (1, 2) a description was given of abnormal gait and degeneration in the nervous system which developed in pigs under certain experimental conditions. It was suggested that these effects were the result of a dietary deficiency and evidence was presented which indicated that the changes took place in spite of adequate amounts of vitamin A, thiamin, riboflavin, nicotinic acid or vitamin E. Inanition or mineral deficiency did not seem to play any role. It was shown that a nerve-protecting factor was present in liver and, to a lesser extent, in yeast.
(Received for publication August 29, 1941) In previous reports (1, 2) a description was given of abnormal gait and degeneration in the nervous system which developed in pigs under certain experimental conditions. It was suggested that these effects were the result of a dietary deficiency and evidence was presented which indicated that the changes took place in spite of adequate amounts of vitamin A, thiamin, riboflavin, nicotinic acid or vitamin E. Inanition or mineral deficiency did not seem to play any role. It was shown that a nerve-protecting factor was present in liver and, to a lesser extent, in yeast.
In an attempt to discover the nature of this protective factor or factors, further experiments have been carried out in which the basal deficient diet has been supplemented by various crude sources of accessory factors, chiefly various fractions of liver. More recently the newer vitamins, pyridoxine, pantothenic acid and choline have been used in conjunction with thiamin, riboflavin and nicotinic acid. It is the purpose of this report to give an account of the observations dealing with crude substances. Particular interest attaches to the nerve-protecting value of different fractions of liver, for degeneration similar to that observed in the pigs occurs in many cases of pernicious anemia in man. The fractions of liver used were those 2Adrian Stokes Memorial Fellow, Trinity College, Dublin, and recipient of a grant from the Medical Research Council of Ireland. 8 Mead Johnson Fellow in Medicine. 4 Fleischmann Fellow in Medicine.
71
produced during the manufacture of a liver extract which is effective in the treatment of pernicious anemia.
The literature dealing with "lameness," "stiffness" and "posterior paralysis" in swine and the available information regarding specific substances necessary for the preservation of the integrity of the nervous system, were reviewed completely in an earlier report (2) . Full details were also given regarding the general plan of the experiment, the management of the animals, their housing and diet, and the methods of study. Only a brief account, therefore, need be given here. This diet appears to be adequate for the normal growth and development of young pigs. Weaning is usually accomplished satisfactorily although poor growth at first and even episodes of diarrhea may complicate the transition period. After the animals became accustomed to the diet, and once growth and general nutrition were satisfactory, they were divided into groups, usually consisting of 3 pigs each, composed of representatives of different litters which were as similar as possible as regards weight.
In all our experiments the neurological changes have been the same and have been confined to the sensory neuron, so that for the purpose of comparison they can be graded, as was done in our previous report (2) . Briefly restated, the degrees of degeneration are classified as follows: Objects. (1) To gain further evidence regarding the protective value of whole desiccated liver and of brewers' yeast; (2) to determine whether the protective substance is present in wheat germ and alfalfa; (3) to obtain preliminary information regarding the protective value of the antipernicious anemia fraction of liver.
Conditions of experiment (Figure 1 Results ( Figure 1 , Table I ). Confirming our previous observations, abnormal gait and extensive degeneration in the nervous system developed in the pigs which were given only thiamin, riboflavin and nicotinic acid in addition to the basal diet, cod liver oil and ascorbic acid. On the other hand, desiccated whole liver plus thiamin afforded protection even in animals observed for a very long time. The period of observation in the animals which were given yeast as the only supplement was not as long as in the case of those given liver but it was equal to that of the animals given only thiamin, riboflavin and nicotinic acid. The gait of the animals fed only yeast supplement was normal in all instances in Experiment IV and no histologic changes could be found at autopsy.
It will be noted that the record of wheat germ plus alfalfa meal, given in addition to thiamin, riboflavin and nicotinic acid, is not as good as that of desiccated whole liver or yeast, for one animal developed incoordination in gait and degenerative changes were found in the nervous system. It is of interest to note that cirrhosis of the liver was found in all 3 of these animals but was absent in the rest of our pigs. Cirrhosis of the liver has been described as a manifestation of nutritional deficiency in rabbits (3).
The anti-pernicious anemia fraction of liver,
given parenterally in addition to thiamin, riboflavin and nicotinic acid, which were administered orally, failed, in the doses used, to produce a result significantly better than that in animals given these vitamins alone. Choline chloride, 10 mgm. per kgm. per day, was given orally to pig 5-65 167 days after yeast had been replaced by thiamin, riboflavin and nicotinic acid, given orally, and parenteral liver extract, given intramuscularly. A well pronounced slapping gait had been present for two months and this animal's experimental mates had already died following the development of ataxia and other signs of deficiency, including convulsions in one of them (Figure 1 ). The ataxia did not progress once the administration of choline was started. Weight gain occurred and, after 2 months, definite improvement in gait was noted. Some improvement in the general appearance of the animal also took place and after almost 3 months of choline administration no abnormality in gait could be noted. This improvement did not persist, however. For a period of 3 weeks a slight abnormality in gait was perceptible, then definite ataxia appeared and in another week an epileptiform convulsion occurred. Following this the gait deteriorated considerably and repeated convulsions took place. The animal was finally sacrificed.
The growth and general development of the animals fed liver, wheat germ and alfalfa meal, or yeast, were good, while in the remainder they were less satisfactory (Table I ). In the pigs given only thiamin, riboflavin and nicotinic acid, and in those given the anti-pernicious anemia fraction of liver in addition to these vitamins, a generally untidy appearance, diarrhea and loss of appetite occurred; in several even vomiting accompanied the onset of abnormal gait. The vomiting and diarrhea ceased after several days, possibly as the result of the administration of 11 grams of yeast daily for several days, but the untidy appearance persisted. Later diarrhea recurred in several animals in episodes of 3 or 4 days' duration and disappeared spontaneously.
Epileptiform convulsions were observed in 2 of the 3 pigs receiving thiamin, riboflavin and nicotinic acid as the only supplements and in 2 of the 3 animals receiving injections of liver extract in addition to thiamin, riboflavin and nicotinic acid by mouth. The single member of the first group in which convulsions were not observed (5-61) died at a very early age. The convulsions first appeared when the pigs were 197 to 329 days of age, and after the experiment had been in progress 137 to 263 days.
Preceding the convulsion it was usually noted that the pig was excited and "nervous." Further excitement such as the rattle of the food pans or that produced by allowing the pig into a runway 75 in order to observe its gait would sometimes precipitate an attack. Frequently the pig would run at great speed up and down the runway and then would collapse. The convulsions varied in intensity but in general the pattern was as follows: the pig lay on its side, all four limbs and the muscles of the body jerked rapidly, the head was held in extension, the eyes were shut or turned upwards and saliva drooled from the mouth. After several minutes, the spasmodic muscular contractions ceased and a stage of stupor followed which also lasted several minutes. Occasionally a gurgling sound could be heard. When the stupor was over the pig would try to get up and, when it finally succeeded, it would proceed in a staggering, dazed fashion. An animal previously able to run at a furious pace would stumble and fall repeatedly. In several animals ataxia appeared for the first time following a convulsion and progressed rapidly from then on.
Once convulsions set in they were often repeated at intervals of several days, sometimes more often (Figure 1 ). Pig 5-78, following the fifth convulsion, was given pyridoxine hydrochloride, 100 mgm. intravenously, followed the next day by the same dose together with 30 mgm. thiamin chloride. During the following 11 days the same dose of thiamin, together with 10 mgm. pyridoxine, was given daily intravenously. No further convulsions were observed but the animal remained very clumsy and ataxic. Pig 5-75, following six convulsions in the same number of days, was helpless and unable to stand. Pyridoxine, 100 mgm., was given daily intravenously for the remaining 8 days before the pig died. The state of helplessness was unchanged, but no further convulsions were observed until the day of death when one more was noted.
In pig 5-65 convulsions appeared at a much later date than in the other pigs. This animal differed from the others in that it was given choline for a long time, as already described. Five convulsions were observed occurring in rapid succession in the 13 days preceding death.
Severe anemia (Figure 2 ) was observed in 2 of the pigs given only thiamin, riboflavin and nicotinic acid (5-76, 5-78) and in 2 given parenteral liver extract in addition (5-75, 5-79). The first 2 animals developed anemia at the same time that other signs of deficiency appeared (untidy appearance, loss of appetite, diarrhea, vomiting). Following the administration of a very small amount of yeast (0.5 gram per kgm. daily for 11 days) the anemia was promptly relieved (Figure 2) . After 3 weeks anemia recurred and gradually became more severe than it was originally. Following the administration of pyridoxine and thiamin to pig 5-78, a slight decrease of anemia of questionable significance occurred.
The anemia in the 2 pigs given parenteral liver extract was steadily progressive and terminally it developed very rapidly. One of these animals, 5-75, was given pyridoxine. The doses were larger than those given 5-78, and a prompt and substantial rise in the blood count followed (Figure 2) .
As the anemia developed, increasing anisocytosis but practically no poikilocytosis or hypochromia appeared. A The amount of any fraction derived from 5 grams of fresh whole liver will be referred to here as one "equivalent." This amount of whole liver, per kilogram body weight, corresponds to the quantities of whole liver used at one time in the treatment of pernicious anemia (300 to 350 grams per patient per day).
One of the above six products was fed to each of a group of 3 pigs. At the start of the experiment the daily dose per kilogram was one equivalent in the case of the desiccated whole liver and two equivalents in the case of the various fractions. The double dose of the fractions was used because of the possibility that protective factors might have been lost in the process of manufacture. A seventh group of pigs was given the press cake, Whipple, parenteral liver extract and permutit fractions mixed in the proportions derived from 5 grams of fresh liver. These animals received 1.41 grams of the mixture per kilogram, or one equivalent.
As shown in Figure 3 , the quantities of the liver fractions used were altered in the course of the experiment. Modifications were made in terms of "equivalents" of fresh liver and parallel changes were made in all groups.
Two of the 3 pigs fed the Cohn fraction died suddenly following a bout of diarrhea shortly after the experiment was commenced and have therefore been excluded from this report.
Results ( Figure 3 and Table I ). It was evident very early that the permutit fraction was lacking in essential growth factors and in factors needed for the protection of the nervous system. The same was true of the Whipple fraction. In the other groups of animals, on the other hand, no evidence of deficiency appeared at this period. The amounts of the press cake, Cohn, and parenteral liver extract fractions were therefore reduced from two to one "equivalent." This change was maintained for 56 days when a further reduction to one-half equivalent was made. Shortly after this reduction, evidence of abnormal gait appeared in the animals receiving press cake and in the pig fed the Cohn fraction. Since it was feared that the amounts of the extracts had been reduced to so low a level that abnormal gait might develop in all groups and that differences between them might thereby be obscured, 4 weeks after this last change the amount of supplement was increased to one equivalent. No additional animals developed abnormalities in gait, but 2 of those receiving the parenteral liver extract were found on histologic examination to have demonstrable changes of mild degree in the nervous system. None of the pigs receiving the mixture of fractions or desiccated whole liver showed signs of incoordination or evidence of nerve lesions histologically.
The pigs fed desiccated whole liver and the mixture of liver extracts, respectively, grew rapidly ( Figure 4) . Those in the latter group looked particularly well developed and well nourished. The Cohn, parenteral liver extract and press cake fractions in the order named, were less satisfactory in promoting growth. A pronounced deficiency of growth factors was observed in the pigs fed the Whipple and the permutit fractions.
One of the pigs (5-96) fed the Whipple fraction was given choline chloride in the same doses as those used for pig (Experiment IV) Each "equivalent" of a liver extract is the amount derived from 5 grams of fresh, whole liver. For further details see Table I and protocol. All pigs received thiamin, riboflavin and nicotinic acid.
The vertical arrows indicate the approximate date of onset of ataxia. The crosses represent convulsions. D indicates that the animal was found dead; K that it was sacrificed.
Pig 5-96 was given choline and pyridoxine during the period indicated.
ably longer than its mates, but no consistent improvement in gait occurred. There was no further weight gain and finally the animal deteriorated and became helpless. It was sacrificed 94 days after choline was first given.
Epileptiform convulsions, like those already described, were observed in 2 of the 3 pigs fed press cake, in one of those fed the parenteral liver extract and in the animal receiving the Cohn fraction (Figure 3) . The last was the only pig treated with vitamins. This animal had had four observed convulsions and had reached a state of complete helplessness. Pyridoxine was given, 50 mgm. intravenously on 2 successive days. No additional convulsions were seen. However, there was only slight improvement in the degree of prostration and therefore on the third day 30 mgm. riboflavin were given intravenously. Three days later the animal was able to move about actively, the only abnormality present being the stamping gait characteristic of our "ataxic" animals.
Severe anemia was observed in 2 out of 3 pigs receiving the press cake fraction (Figure 2 and Table I ). The third (5-87) developed microcy- 
GROWTH OF PIGS RECEIVING DESICCATED WHOLE LIVER, VARIOUS LIVER EXTRACrS AND A MIXTURE OF THESE EXTRACTS, COMPARED WITH THAT OF PIGS RAISED AT THE EXPERI-MENTAL FARM OF THE U. S. DEPARTMENT OF AGRICULTURE, BELTSVILLE, MARYLAND.
Arrows indicate the onset of ataxia. All pigs received one unit of diet (152 calories) per kgm. until they were 4% to 5 months of age, half a unit for the next 6 to 8 weeks, a third unit for the following 6 to 8 weeks, a half unit again for 4 weeks and a third of a unit thereafter.
tosis without severe anemia. One of these pigs (6-08) was treated with pyridoxine (50 mgm. daily for 16 days) and a rise in red cell count without increase in the size of the cells followed. This pig's feet were ulcerated and bleeding, making interpretation of the results difficult. Anemia was present also in 2 pigs receiving the Whipple fraction. The third member of this group developed no anemia. This pig differed from its mates in that it was given choline and pyridoxine in addition to the liver fraction. In the single pig Figure 6 , note the "goose-step," in Figure 7 the attempt to balance on two legs. Also note the malnutrition and the untidy appearance of the hair ( Figure 5 ) so characteristic of pigs suffering from nutritional deficiency. These are enlargements from a motion picture film. (Figure 11 ), the swaying of the body on turning into the pen (Figure 12 ) and the groping motion of the left hind leg before it was set down on the ground (Figure 13 ). injection of riboflavin (30 mgm.), the reticulocytes increased from 4.2 per cent to 11.4 per cent on the fourth day following the first injection and the anemia was relieved in 6 days. Of the group receiving "parenteral" liver extract, anemia was observed in 2 out of 3 pigs. In one of these gastric hemorrhage occurred and accounted at least in part for the anemia. Severe anemia was found in only one of the pigs fed the permutit fraction of liver.
DISCUSSION
Protection of the nervous system. For the period of the experiments, the development of degenerative changes in the nervous system was prevented by feeding desiccated whole liver or brewers' yeast. Wheat germ together with alfalfa meal was more variable in effect. Desiccated whole liver gave protection in amounts derived from 5 grams fresh liver per kilogram body weight daily. The combination of fractions obtained from this quantity of liver was equally effective but none of the individual fractions, fed singly, gave complete protection. It should be pointed out that all the animals described here except those given yeast throughout the experiment received supplements of thiamin alone or thiamin, riboflavin and nicotinic acid in amounts adequate to prevent deficiencies of these substances. The antianemic effect of liver extract in pernicious anemia is greatly enhanced by parenteral administration of the extract. In order to compare the value of "parenteral" liver extract when given orally and parenterally, respectively, 2 additional pigs (6-40 and 6-50, Table I ) were given per kilogram body weight per day that amount of extract derived from 2 grams fresh liver. The experimental conditions were the same as those already described and thiamin, riboflavin and nicotinic acid were fed as in the animals already discussed. The liver extract was injected intramuscularly twice a week in one pig while the other pig received the same amount orally with its food twice a week. After 3 weeks the dose of extract was increased 50 per cent in both animals. Pig 6-40 finally received as much as 70 and even 80 cc. liver extract intramuscularly twice a week.
These quantities of liver extract, which were less than those fed the pigs in Experiment V, failed to protect the nervous system of pigs 6-40 and 6-50. The animal receiving injections grew more rapidly than its mate. The latter was thin and untidy in appearance, while the former looked wellnourished. However, an abnormal gait developed in pig 6-40 in spite of the appearance of good health. Ataxia was not observed in the pig fed liver extract. Histologically the latter animal showed a less severe degree of degeneration in the nervous system than pig 6-40.
It thus appears that there is no increase in the efficacy of liver extract in protecting the nervous system of young pigs when it is given parenterally.
Convulsions. Convulsions were observed in our animals after 5 or 6 months on a deficient diet. They occurred when only thiamin, riboflavin and nicotinic acid represented the "B" vitamins or when "parenteral" liver extract, the Cohn fraction or the press cake fraction was furnished in addition to these vitamins. (5, 6) and rats (7) and have been attributed to pyridoxine deficiency. Anemia. The anemia observed in our animals was no doubt due to nutritional deficiency for in those fed whole liver, yeast, wheat germ and alfalfa or the mixture of liver fractions, the blood was maintained at an essentially constant level. Why anemia was more pronounced in one pig fed a deficient diet than in another, or why a few on deficient diets failed to develop any anemia, is not evident. The anemia observed was similar to that described by others in dogs (8) and pigs (4) and has been attributed to pyridoxine deficiency.
Gastric analyses were performed in most of our pigs from time to time. No significant and consistent abnormalities were found.
Relation to pernicious anemia. Little can be added to what was stated in a previous publication (1) regarding the possible relationship of the degenerative changes in the nervous system of these pigs and those observed in some cases of pernicious anemia. The fact that the fraction of liver which is effective in relieving the anemia in the latter disease was more valuable in protecting the nervous system of pigs than the other liver fractions, is of interest. That large amounts of liver extract were necessary for this purpose is another point of similarity with pernicious anemia, for it is a generally held clinical impression that large quantities of liver or of crude liver extracts are required to effect any improvement or to prevent the advance of lesions in the nervous system of patients. Unlike the blood picture in pernicious anemia, macrocytic anemia was not observed in our animals.
It remains to be proved that the changes in the nervous system observed in the pigs and those seen in pernicious anemia are due to the same cause. If they are, then perhaps our work provides evidence that the factors protecting the nervous system and the antianemic substance are distinct from each other because we failed to produce macrocytic anemia on a diet deficient in the nerveprotecting factor. Assays are being made of the antianemic potency of the livers of our animals by which it is hoped to obtain information regarding the relation between the antianemic and the nerveprotecting factors.
Perhaps the strongest evidence to support the view that there is little relationship between the factors concerned with blood formation and with maintaining the integrity of the nervous system is the fact that in a number of human disorders characterized by macrocytic anemia, and which respond to liver therapy, such as sprue, degenerative changes in the nervous system are scarcely ever found. It may or may not be significant that pernicious anemia differs from such conditions in which neurologic symptoms are rare in that a profound disturbance in gastric secretion is characteristic of pernicious anemia. This would suggest that the gastric juice may play a role in preparing for the body a substance necessary for maintaining the integrity of the nervous system. The observation that liver extract given parenterally seemed somewhat less effective in protecting the nervous system of the pigs than was liver extract given by mouth may, if it is confirmed, suggest a need for its passage via the gastro-intestinal tract and may point again to the difference between the nerve-protecting and the antianemic factors in liver extract. In man, the antianemic factor is 30 to 60 times as potent when given intramuscularly as compared with its effect when given by mouth. SUMMARY 1. Abnormal gait and degenerative changes in peripheral nerves, spinal ganglia and the posterior funiculi of the spinal cord developed in pigs deficient in factors other than thiamin, riboflavin and nicotinic acid but did not occur when desiccated whole liver or brewers' yeast was fed.5
